Agent-based simulator of dynamic flood-people interactions by Shirvani, M. et al.
This is a repository copy of Agent-based simulator of dynamic flood-people interactions.
White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/150005/
Version: Submitted Version
Article:
Shirvani, M., Kesserwani, G. and Richmond, P. (Submitted: 2019) Agent-based simulator 
of dynamic flood-people interactions. arXiv. (Submitted) 
© 2019 The Author(s). For reuse permissions, please contact the Author(s).
eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/
Reuse 
Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless 
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by 
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of 
the full text version. This is indicated by the licence information on the White Rose Research Online record 
for the item. 
Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 
6KLUYDQLHWDO3UHSULQW
&RUUHVSRQGHQFH
'HSDUWPHQWRI&LYLO	6WUXFWXUDO(QJLQHHULQJ7KH8QLYHUVLW\RI6KHIILHOG:HVWHUQ%DQN6KHIILHOG6718.
(PDLOJNHVVHUZDQL#VKHIDFXN
$JHQWEDVHGVLPXODWRURIG\QDPLFIORRGSHRSOHLQWHUDFWLRQV
0RKDPPDG6KLUYDQL*HRUJHV.HVVHUZDQL3DXO5LFKPRQG

'HSDUWPHQWRI&LYLO	6WUXFWXUDO(QJLQHHULQJ8QLYHUVLW\RI6KHIILHOG:HVWHUQ%DQN6KHIILHOG6718.
'HSDUWPHQWRI&RPSXWHU6FLHQFH8QLYHUVLW\RI6KHIILHOG:HVWHUQ%DQN6KHIILHOG6718.

$EVWUDFW
7KLVSDSHUSUHVHQWVDQHZVLPXODWRUIRUG\QDPLFPRGHOOLQJRILQWHUDFWLRQVEHWZHHQIORRGLQJDQGSHRSOH
LQ FURZGHG DUHDV7KH VLPXODWRU LV GHYHORSHG LQ )/$0(*38 D )OH[LEOH /DUJH VFDOH $JHQWEDVHG
0RGHOOLQJ (QYLURQPHQW IRU WKH *38 ZKLFK DOORZV WR PRGHO PXOWLSOH DJHQW LQWHUDFWLRQV ZKLOH
EHQHILWWLQJIURPWKHVSHHGXSRI*38V)ORRGLQJYDULDEOHVLQFOXGLQJWHUUDLQGDWDDUHUHSUHVHQWHGE\D
K\GURG\QDPLF$JHQW%DVHG0RGHO$%0WKDWLVEDVHGRQDQRQVHTXHQWLDOLPSOHPHQWDWLRQRIDUREXVW
)LQLWH9ROXPH)9VROYHURIWKH6KDOORZ:DWHU(TXDWLRQV6:(V3HRSOHPRYHPHQWVDUHUHSUHVHQWHG
E\DSHGHVWULDQ$%0DGRSWLQJIRUFHEDVHGZDONLQJUXOHV7KHK\GURG\QDPLF$%0LVFRXSOHGWRWKH
SHGHVWULDQ$%0DFFRUGLQJWRULVNWROLIHWKUHVKROGVUHSRUWHGE\WKH8.(QYLURQPHQW$JHQF\($$
K\SRWKHWLFDO FDVH VWXG\ RI D FURZGHG VKRSSLQJ FHQWUH LV SURSRVHG DQG XVHG WR DVVHVV WKH G\QDPLF
FRXSOLQJDELOLW\RIWKHVLPXODWRU)ORRGLQJLQWRWKHVKRSSLQJFHQWUHLVLQGXFHGEDVHGRQUHDOLVWLFLQIORZ
FRQGLWLRQV DQG WKH VLPXODWRU LV DSSOLHG FRQVLGHULQJ WZR VFHQDULRV HYDFXDWLRQ ZLWKRXW DGYDQFHG
ZDUQLQJDQGLQWHUYHQWLRQZLWKDQDGYDQFHGZDUQLQJRIKRXUV5HVXOWVVKRZWKDWWKHVLPXODWRUFDQ
SURGXFHGHWDLOHGVWDWLVWLFVRIVSDWLRWHPSRUDOSHRSOHVWDWHVGXULQJHYDFXDWLRQDQGLVXVHIXOWRSODQVDIH
DQGHIIHFWLYHSHRSOHLQWHUYHQWLRQWRGHSOR\DVDQGEDJEDVHGWHPSRUDU\EDUULHUV

.H\ZRUGV$JHQWEDVHGPRGHOV$%0V&RXSOHGK\GURG\QDPLFDQGSHGHVWULDQ$%0V0LFURVFRSLF
DQDO\VLV$VVHVVPHQWRIG\QDPLFFRXSOLQJDELOLW\(YDOXDWLRQRIHYDFXDWLRQDQGLQWHUYHQWLRQVWUDWHJLHV
 

 ,QWURGXFWLRQ
)ORRGLQJSRVHVRPQLSUHVHQW ULVNV WRSHRSOH¶V OLYHVDQG OLYHOLKRRGVDQGGLVUXSWLRQ WRSXEOLF
LQIUDVWUXFWXUHDQGWUDQVSRUWV\VWHPVWKDWDUHNH\SHGHVWULDQKXEVLQXUEDQDUHDV7KRUQHHWDO
 +DOOHJDWWH HW DO  6XSSRUWHG E\ YDULRXV FRPSXWDWLRQDO PHWKRGV DQG WHFKQLTXHV
3HQQLQJ5RZVHOOHWDO/XPEURVRHWDO.UHLELFKHWDO.UHLELFKHWDO
IORRG ULVN PDQDJHPHQW KDV EHFRPH FHQWUDO WR PLWLJDWH SUHSDUH IRU DQG PDQDJH WKH
FRQVHTXHQFHVRIIORRGLQJULVNV:HGDZDWWDDQG,QJLULJH3HQQLQJ5RZVHOOHWDO
$HUWVHWDO$JHQW%DVHG0RGHOV $%0VFDQUHSUHVHQW WKHV\QHUJLHVEHWZHHQVRFLDO
DQGSK\VLFDOG\QDPLFVDQGPLWLJDWLRQSROLFLHVWKHUHIRUHRIIHUDQDWXUDOSODWIRUPWRUHODWHIORRG
LQXQGDWLRQGDWDWRWKHEHKDYLRXURIµDWULVN¶UHFHSWRUV=LVFKJ$%0VDUHIRXQGVXLWDEOH
IRU IORRG ULVN PDQDJHPHQW DQG SODQQLQJ EHFDXVH RI WKHLU FDSDELOLW\ WR FDSWXUH FRPSOH[
EHKDYLRXUVRI UHFHSWRUV DQG WKHLU LQWHUDFWLRQVZLWK WKHLU VXUURXQGLQJHQYLURQPHQW VLWXDWLRQV
/HPSHUW%DWW\'XEEHOERHUHWDO+DHUHWDO/XPEURVRDQG'DYLVRQ
 +RZHYHU DV WKH LQFRUSRUDWLRQ RI IORRG LQIRUPDWLRQ ZLWKLQ WKLV DSSURDFK UHOLHV RQ
DGRSWLQJK\GURG\QDPLFGDWDVHWVDWWHPSRUDOLQWHUYDOVFXUUHQW$%0VDUHSULPDULO\GHVLJQHGWR
DQDO\VHUHFHSWRUWRIORRGZDWHUUHVSRQVHV0RQWLFLQRHWDO'DZVRQHWDO&RDWHVHW
DO%HUQDUGLQLHWDO<DQJHWDO$QLQKHUHQWO\K\GURG\QDPLF$%0WKDWFDQ
GLUHFWO\ LQWHUODFH ZLWK RWKHU $%0V LV VWLOO GHVLUHG WR FDSWXUH G\QDPLF LQWHUDFWLRQV DFURVV
IORRGLQJGDWDDQGUHFHSWRUUHVSRQVHV$EHEHHWDO
0RVW H[LVWLQJ $%0V WKDW DUH DSSOLHG WR VWXG\ IORRGLQGXFHG ULVNV DQG HPHUJHQF\
UHVSRQVHVDUHGHFRXSOHGIURPWKHIORRGLQJGDWDEHLQJGHVLJQHGIURPWKHSHUVSHFWLYHWRDQDO\VH
WKHUHVSRQVHRIPDFURVFDOHUHFHSWRUVDWFRDUVHVFDOHV%URXZHUVHWDO%URXZHUVDQG
%RPDQ  DQG *UDPHV HW DO  GHYHORSHG $%0V WR HVWLPDWH WKH HFRQRPLF
FRQVHTXHQFHV RI IORRGV DW UHJLRQDO VFDOH XQGHU GLIIHUHQW IORRG ULVN PDQDJHPHQW VWUDWHJLHV
&RDWHVHWDODQG/LDQG&RDWHVGHYHORSHGDQ$%0WRHVWLPDWHWKHQXPEHURI

EXVLQHVVHVDQGHQWHUSULVHVDIIHFWHGE\IORRGLQJWRLPSURYHEXVLQHVVUHVSRQVHVDQGSUHSDUHGQHVV
DWDFLW\VFDOH'XWWDDOVRFRQGXFWHGFLW\VFDOHDVVHVVPHQWVWRVWXG\VHDOHYHOULVHLPSDFWV
E\ $%0V LQYROYLQJK\GURG\QDPLF DQG VRFLRHFRQRPLFPRGHOV7RQQDQG*XLNHPD 
XVHGDQ$%0WRH[SORUHKRZFROOHFWLYHLQGLYLGXDOLQLWLDWLYHVPD\DIIHFWORQJWHUPIORRGULVNV
DWDFRPPXQLW\ OHYHO LQDFLW\$OVR'DZVRQHWDO 0DVHWDO /LXDQG/LP
 XVHG $%0V LQYROYLQJ YHKLFOHV EXLOGLQJV DQG KRXVHV DV UHFHSWRUV DW FLW\ VFDOH WR
HVWLPDWHWKHQXPEHURI LQMXULHVDQGFDVXDOWLHVDIWHUIORRGLQJ+RZHYHU WKHVH$%0VDUHQRW
GHVLJQHGWRDQDO\VHPLFURVFRSLFDQGHPHUJHQWEHKDYLRXURIUHFHSWRUVDVVXFKFDQEHGULYHQE\
VRFLDOIRUFHPRGHOVQRUDUHDEOHWRSURYLGHRXWSXWVLQIRUPLQJRQG\QDPLFVSDWLDODQGWHPSRUDO
LQWHUDFWLRQVRFFXUULQJEHWZHHQIORRGLQJDQGWKHUHFHSWRUVEHIRUHDQGGXULQJWKHIORRGHYHQW
,Q WHUPV RI PLFURVFDOH DVVHVVPHQWV YHU\ IHZ $%0V KDYH EHHQ UHSRUWHG /LX HW DO
 LQLWLDWHG DQ $%0 WKDW VLPXODWHV WKH HYDFXDWLRQ RI ILYHSHRSOH LQ XQGHUJURXQG IODVK
IORRGVWRILQGDQRSWLPDOHYDFXDWLRQVWUDWHJ\E\HVWLPDWLQJWKHQXPEHURIFDVXDOWLHVLQGLIIHUHQW
VFHQDULRV0RUHJHQHUDOO\WKH/LIH6DIHW\0RGHO/60ZZZOLIHVDIHW\PRGHOQHWKDVEHHQ
GHYHORSHG WR HVWLPDWH FDVXDOWLHV DQG LQMXULHV GXULQJ DQG DIWHU D IORRG ZLWK DSSOLFDWLRQV WR
LPSURYH HPHUJHQF\ UHVSRQVH PDQDJHPHQW IROORZLQJ (QYLURQPHQW $JHQF\¶V ($ IORRG
LQFLGHQWPDQDJHPHQWDSSURDFK/XPEURVRHWDO7RWKHEHVWRIWKHDXWKRUV¶NQRZOHGJH
WKH/60LVWKHRQO\DYDLODEOH$%0IRUPLFURVFRSLFULVNDQDO\VLVDWLQGLYLGXDOVFDOH/XPEURVR
DQG'L0DXUR/XPEURVRHWDO/XPEURVRDQG'DYLVRQ7KH/60UHOLHVRQ
IORRGGDWDRXWSXWV IURPFRPPHUFLDO WZRGLPHQVLRQDO 'K\GURG\QDPLFPRGHOV LPSRUWHG
RYHUUHJXODU WLPHLQWHUYDOV:KLOHWKLVDSSURDFKFDQPDSIORRGRQSHRSOHLPSDFWV LWFDQQRW
PDSSHRSOHRQIORRGLPSDFWVRQWKHRQHKDQGWKHK\GURG\QDPLFPRGHOLVQRWLQKHUHQWWRWKH
/60DQGWKXVIORRGLQJLQIRUPDWLRQDUHQRWFRQVLGHUHGDVG\QDPLFDJHQWVRQWKHRWKHUKDQG
WKH /60 UHSUHVHQWV SHRSOH DV PRYLQJ REMHFWV RQ SUHVSHFLILHG SDWKZD\V ZKRVH VSHHG LV
JRYHUQHG E\ D VHW RI VLPSOH HYDFXDWLRQ UXOHV 7KH /60 FDQQRW WKHUHIRUH PRGHO HPHUJHQW
SHRSOH EHKDYLRXUV LQFOXGLQJ SHRSOHRQSHRSOH LPSDFWV LQ SDUW EHFDXVH LW GRHV QRW KDYH

JHQHUDOLVHG$%0RILQWHUSHGHVWULDQLQWHUDFWLRQV%HUQDUGLQLHWDO0DNLQRVKLPDHWDO
VKRZHGKRZWKHLQWHUDFWLRQVEHWZHHQSHGHVWULDQVDQGWKHLUVXUURXQGLQJIHDWXUHVVXFK
DVREVWDFOHVZDOOVFDQWDNHSDUWLQHYDFXDWLRQDQDO\VLVWKURXJKXVLQJDIRUFHEDVHG$%0RID
IORZRISHGHVWULDQVZLWKLQDODUJHVFDOHXUEDQHQYLURQPHQW7KH\XVHGSDUDOOHOFRPSXWDWLRQVWR
VLPXODWH VXFK FURZG RI SHGHVWULDQV EXW WKHLU ZRUN GLG QRW FRXSOH K\GURG\QDPLF PRGHO
LQIRUPDWLRQ LQ WKHLU VLPXODWLRQV WR FDSWXUH WKH UHVSRQVH RI LQGLYLGXDOV WR IORRGZDWHU $
VLPXODWRUWKDWG\QDPLFDOO\DQGLQKHUHQWO\FRXSOHVDK\GURG\QDPLF$%0WRDSHGHVWULDQ$%0
LV UHTXLUHG WRJHQXLQHO\DFFRXQW IRUFKDQJHV LQ WKHVWDWHVDFURVV LQGLYLGXDOVDQGZDWHU IORZ
FKDUDFWHULVWLFVZLWKLQDG\QDPLFDOO\FRXSOHGPRGHOOLQJFRQWH[W
7KLVSDSHUGHPRQVWUDWHVWKHGHYHORSPHQWDQGHYDOXDWLRQRIDXQLILHGµIORRGSHGHVWULDQ¶
VLPXODWLRQ IUDPHZRUN WKDW IXOO\ FRXSOHV D K\GURG\QDPLF $%0 WR D SHGHVWULDQ $%0 7KH
K\GURG\QDPLFDQGSHGHVWULDQ$%0VDUHERWKGHYHORSHGDQGFRXSOHGZLWKLQWKH)/$0(*38
IUDPHZRUN6HFWLRQ7KHK\GURG\QDPLF$%0LVRUJDQLVHGEDVHGRQWKHIRUPXODWLRQRI)LQLWH
9ROXPH )9 QXPHULFDO VROXWLRQ RI WKH WZRGLPHQVLRQDO 6KDOORZ :DWHU(TXDWLRQV 6:(V
6HFWLRQ  DQG WKH SHGHVWULDQ $%0 IROORZV D VRFLDO IRUFH PRGHO UXOHV WKDW VLPXODWHV
LQWHUUHODWHGEHKDYLRXURIDFURZGRISHRSOH6HFWLRQ7KHG\QDPLFLQWHUDFWLRQVDFURVVWKH
WZR$%0VDUHRUJDQLVHGEDVHGRQUXOHV LQIRUPHGE\($¶VULVNWROLIH IORRGKD]DUGPHWULFV
6HFWLRQ7KH$%0LPSOHPHQWDWLRQRIWKHK\GURG\QDPLFPRGHOLVYDOLGDWHGLQUHSURGXFLQJ
WZRZHOONQRZQDFDGHPLF WHVW FDVHV 6HFWLRQ7KH FRXSOHG IORRGSHGHVWULDQ VLPXODWRU LV
DSSOLHGWRDGKRFK\SRWKHWLFDOWHVWFDVH6HFWLRQWRILUVWHYDOXDWHWKHDELOLW\RIWKHPRGHOLQ
FRQGXFWLQJ PLFURVFRSLF DQDO\VLV RI LQGLYLGXDOV¶ VSDWLRWHPSRUDO VWDWHV LQ IORRGZDWHU DQG
VHFRQG WR YHULI\ WKDW WKH PRGHO LV DEOH WR FDSWXUH SHRSOH UHVSRQVHV RI IORRGZDWHU WR DQ
LQWHUYHQWLRQSURFHVVSHUIRUPHGE\DJURXSRISHRSOH)LQDOO\DVXPPDU\DQGRXWOLQHRINH\
FRQFOXVLRQVDUHSURYLGHG

 &RXSOHGK\GURG\QDPLFSHGHVWULDQ$%0V
)/$0(*38LVDIUDPHZRUNIRUPRGHOOLQJDQGVLPXODWLRQRIG\QDPLF$%0VHPSRZHUHGE\
WKHLQWULQVLFSDUDOOHOLVPRI*38V5LFKPRQGHWDO,Q)/$0(*38&8'$VLPXODWLRQ
SURJUDPV DUH JHQHUDWHG E\ SURFHVVLQJ WKUHH LQSXWV DV GHVFULEHG LQ )LJXUH  D PRGHO ILOH
;0/0RGHO)LOH[POGHILQLQJDJHQWV¶GHVFULSWLYHLQIRUPDWLRQHJWKHLUW\SHQXPEHUVHWF
DGHVFULSWLRQRIDJHQWEHKDYLRXUZLWKLQDVRXUFHFRGH LQ&)XQFWLRQVF IRUVSDWLRWHPSRUDO
XSGDWHRI WKH VWDWH RI WKH DJHQWV UHDFWLQJ WR PHVVDJHV WKH\ UHFHLYH IURP RWKHU DJHQWV DQG
DJHQWV¶LQSXWILOHLQSXW[POIRULQLWLDOLVLQJWKHLUVWDWH
)LJXUH7KHSURFHVVRIJHQHUDWLQJDQDJHQWEDVHGVLPXODWLRQSURJUDPRQ)/$0(*38

,QWKHIROORZLQJIXUWKHUGHVFULSWLRQLVSURYLGHGRQKRZG\QDPLFFRXSOLQJRIDK\GURG\QDPLF
$%0WRDSHGHVWULDQ$%0KDVEHHQDFKLHYHGRQ)/$0(*38

+\GURG\QDPLF$%0
$ K\GURG\QDPLF $%0 LV LPSOHPHQWHG RQ )/$0(*38 E\ PDWKHPDWLFDO UXOHV WKDW DUH
FRPPRQO\XVHGLQVWDQGDUGµVHTXHQWLDO¶IORRGPRGHOIRUPXODWLRQVHJ,QIRZRUNV,&00,.(
)/22'78)/2:ZKLFKDUHEDVHGRQWKH)9QXPHULFDOGLVFUHWLVDWLRQRIWKH6:(V:DQJ
HWDO$VWKHVHDOJRULWKPLFUXOHVDUHZHOOUHSRUWHGLQOLWHUDWXUH:DQJHWDOWKH\
DUHEULHIO\RYHUYLHZHGKHUHIRFXVLQJRQKRZWKHLUµVHTXHQWLDO¶LPSOHPHQWDWLRQDVSHFWVFDQEH
UHLPSOHPHQWHGZLWKLQWKHµQRQVHTXHQWLDO¶IRUPDWRI)/$0(*38
)9QXPHULFDOVROYHURIWKH6:(V

7KHVHOHFWHG)9DSSURDFKDGRSWVDILUVWRUGHU*RGXQRYW\SHGLVFUHWLVDWLRQ7RUR	*DUFLD
1DYDUURWKDWLVEDVHGRQORFDOSLHFHZLVHFRQVWDQWDSSUR[LPDWLRQRIWKHVWDWHRIWKHIORZ
YDULDEOHV8 LQ(TEHORZ7KHVHOHFWHG)9DSSURDFK LVDOVRVXSSRUWHGZLWKDOO UREXVWQHVV
IHDWXUHV:DQJHWDOQHHGHGWRVLPXODWHUHDOLVWLFDVSHFWVRIIORRGLQXQGDWLRQVXFKDV
IORZUHIOHFWLRQVIURPWRSRJUDSKLFGLVFRQWLQXLWLHVDQGIORRGSODLQIORZRYHUURXJKWHUUDLQGDWD
ZLWKPRYLQJZHWDQGGU\]RQHV
2QDPHVKIRUPHGE\TXDGULODWHUDOHOHPHQWVGHQRWHGE\^,LM`LML «1[DQGM 
«1\K\GURG\QDPLF$%0UXOHVDUHUHSUHVHQWHGE\DQHOHPHQWZLVHORFDOGLVFUHWLVDWLRQRI
WKHFRQVHUYDWLYHIRUP(TWRWKH'GHSWKDYHUDJHG6:(VZULWWHQLQDYHFWRULDOIRUP߲௧8߲௫)߲௬* 6        (T
LQZKLFK[\WDUHWKHVSDFHWLPHFRRUGLQDWHV8 >KKXKY@7LVYHFWRUGHVFULELQJWKHVWDWH
RIWKHIORZYDULDEOHV) >KXKXòJKKXY@7DQG* >KYKXYKYòJK@7DUHIOX[YHFWRUV
UHODWLYHWRWKHWZR&DUWHVLDQGLUHFWLRQVDQG6 >JK6[6I[JK6\6I\@7LVWKHVRXUFHWHUP
YHFWRUFRQWDLQLQJWHUUDLQJUDGLHQWWHUPV6[6\DQGIULFWLRQWHUPV6[6\H[SUHVVHGE\WKH
VWDQGDUG0DQQLQJHTXDWLRQDQGZLWKDURXJKQHVVFRHIILFLHQWQ0,QWKHVHYHFWRUVKPGHQRWHV
WKHGHSWKRIZDWHUXDQGYPVDUHWKHYHORFLWLHVLQWKH[DQG\D[LVGLUHFWLRQVUHVSHFWLYHO\
DQGJ§PVLVWKHJUDYLWDWLRQDOFRQVWDQW


)LJXUH&RPSXWDWLRQDOVWHQFLORIDORFDOHOHPHQW,LMIRUWKHDSSUR[LPDWLRQRIWKHIOX[HV
DFURVVLWV1257+($676287+DQG:(67LQWHUIDFHVQHHGLQJGDWDVKDUHGE\WKHIRXU
QHLJKERXUVRI,LMLH85RU8/OLPLWVLQEOXH

2QHDFKHOHPHQW ,LM WKH IORZYDULDEOHV LQ8DUHDSSUR[LPDWHGDVSLHFHZLVHFRQVWDQW
GDWDGHQRWHGE\8QLMZLWKQLQGLFDWLQJWKHSUHVHQWWLPHLWHUDWLRQ7KHQWKHIROORZLQJHOHPHQW
ZLVH)9GLVFUHWLVDWLRQRI(TFDQXVHGWRHYROYH8QLMWRWLPHLWHUDWLRQQ
8LMQ 8LMQ௱௧௱௫)($67):(67௱௧௱௬*1257+*6287+6   (T
,Q(T¨W¨[DQG¨\GHQRWHWKHWLPHVWHSHOHPHQWVL]HLHIRUDVTXDUHJULGKHUHDOORI
ZKLFKEHLQJJOREDOO\DFFHVVLEOH WRDQ\ ORFDOHOHPHQW ,LMXQGHUFRQVLGHUDWLRQ ,QFRQWUDVW WR
DFKLHYH ORFDO VSDWLDO HYDOXDWLRQV RI LQFRPLQJ DQG RXWJRLQJ LQWHUHOHPHQWDO IOX[HV DQG WKH
GLVFUHWHVRXUFHWHUPVLH)($67):(67*1257+*6287+DQG6LQ(TIXUWKHUDFFHVVWRWKH
SLHFHZLVHFRQVWDQWGDWDRIWKHQHLJKERXULQJHOHPHQWVLVUHTXLUHG7KDWLVDVVKRZQLQ)LJXUH
DFFHVVWRWKHIRXULQWHUHOHPHQWDOOLPLWVLH8/DQG85RIWKHDSSUR[LPDWHVROXWLRQLVIXUWKHU
QHHGHG WR HYROYH HDFK 8QLM WR WLPH LWHUDWLRQ Q   LQ SDUWLFXODU DIWHU HQVXULQJ UREXVW
GLVFUHWLVDWLRQRI WKH WRSRJUDSK\ZLWKZHWWLQJ DQGGU\LQJ WUHDWPHQWV :DQJHWDODQG
LQFRUSRUDWLQJ DQ DSSUR[LPDWH 5LHPDQQ VROYHU +DUWHQ HW DO  $OWKRXJK DFFHVVLQJ WKH
QHLJKERXULQJSLHFHZLVHFRQVWDQWGDWDFDQEHSHUIRUPHGWKURXJKGLUHFWPHPRU\ORRNXSVIRUD
µVHTXHQWLDO¶ LPSOHPHQWDWLRQ RI(T RYHU WKH PHVK^,LM`LM WKLV LV QRW WKH FDVHZLWKLQ WKH
IUDPHZRUN RI )/$0(*38 WKDW UHTXLUHV RSHUDWLQJ (T  ZLWKLQ D µQRQVHTXHQWLDO¶
LPSOHPHQWDWLRQ7KLVDOWHUQDWLYHLPSOHPHQWDWLRQLVGHWDLOHGLQWKHIROORZLQJ6HFZLWK
SDUWLFXODUIRFXVRQDOJRULWKPLFSURFHVVRIGHVFULELQJWKHJULGLQWHUDFWLRQZLWKLQDQDJHQWEDVHG
PHWKRGRORJ\UHTXLUHGWRVLPXOWDQHRXVO\HOHYDWHDOO8QLME\RQHWLPHLWHUDWLRQLQ)/$0(*38
1RQVHTXHQWLDOLPSOHPHQWDWLRQXVLQJG\QDPLFPHVVDJLQJ

2Q)/$0(*38XVLQJWKHLQGH[LQJLMLVQRORQJHUSRVVLEOHDQGLQVWHDG8QLVGLVFUHWLVHGE\D
SRSXODWLRQ RI  TXDGULODWHUDO µIORRG DJHQWV¶ DQG WKHUHIRUH LM LV WUDQVODWHG LQWR IL[HG [\
FRRUGLQDWHVWKDWDUHVWRUHGLQWKHPHPRU\RIHDFKIORRGDJHQWDVDVHWRIFRQVWDQWYDULDEOHV7KH
VWDWH8QRIDOOWKHIORRGDJHQWVLVFRQFXUUHQWO\HYROYHGLQWLPHLWHUDWLRQQE\H[HFXWLQJD
WUDQVLWLRQIXQFWLRQ&KLPHKDQG5LFKPRQGZKLFKDSSOLHV(TWRHYROYHDOOIORRGDJHQW
RQFHDWDWLPHDVGHVFULEHGLQ)LJXUH7RGRVRSLHFHZLVHFRQVWDQWGDWDRIWKHQHLJKERXULQJ
IORRG DJHQWV DUH EURDGFDVW WR WKH ORFDO IORRG DJHQWV DV PHVVDJHV FRQWDLQLQJ 8 DQG [ \
FRRUGLQDWHV$IWHUWKHPHVVDJLQJSURFHVVDOOORFDOIORRGDJHQWVZLOOEHDEOHWRORFDOO\HYDOXDWH
)($67):(67*1257+DQG*6287+DQG6IURPZLWKLQWKHLUORFDOG\QDPLFPHPRU\

)LJXUH$JULGRIîIORRGDJHQWVFRQFXUUHQWO\HOHYDWLQJWKHLUSUHVHQWVWDWH8QWRWKH
QH[WVWDWH8QRQHLWHUDWLRQLQWLPH$ORFDOIORRGDJHQWLQWKHFHQWUHFRORXUHGLQµGDUN
EOXH¶LVWKHUHSUHVHQWDWLYHRIDQ\IORRGDJHQWRQWKHJULGFRQFXUUHQWO\UHFHLYLQJPHVVDJHV
UHSUHVHQWHGE\µZKLWHPHVVDJHLFRQV¶FRQWDLQLQJWKHLQWHUHOHPHQWDOOLPLWVLH8QDQG[\
FRRUGLQDWHVIURPLWVQHLJKERXUVUHTXLUHGIRUHDFKORFDOIORRGDJHQWWRFRPSOHWH(T7KH
µFXUYHGUHGDUURZV¶VKRZWKDWWKHVHPHVVDJHVDUHDFFHVVLEOHWRWKHORFDOIORRGDJHQWDWWKH
VDPHWLPH

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3HGHVWULDQ$%0
7KHSHGHVWULDQ$%0VLPXODWHVDFURZGRISHGHVWULDQVPRYLQJLQDQDUHDWKDWDFWXSRQDVHWRI
QDYLJDWLRQ UXOHV LPSOHPHQWHG RQ )/$0(*38 .DUPDNKDUP HW DO  .DUPDNKDUP 	
5LFKPRQG,QWKLV$%0DJULGRIµQDYLJDWLRQDJHQWV¶IRUPVDPDSLQGLFDWLQJWKHORFDWLRQ
RI H[LWV REVWDFOHV DQG ZDOOV DERYH ZKLFK µSHGHVWULDQ DJHQWV¶ ZDON WRZDUG WKHLU JRDO
GHVWLQDWLRQHJRQHRIWKHH[LWVZKLFKLVUDQGRPO\DVVLJQHGWRWKHPRQFHWKH\DUHJHQHUDWHG
7KHEHKDYLRXUDO UXOHVRISHGHVWULDQDJHQWVDUHJRYHUQHGE\DGLUHFWLRQDO VWHHULQJ IRUFH WKDW
HYDOXDWHVWKHLUQH[WVWDWHQHZORFDWLRQLQHDFKVXEVHTXHQWLWHUDWLRQEDVHGRQVRFLDOUHSXOVLYH
IRUFHVDQGQDYLJDWLRQDOUHSXOVLYHIRUFHV$VWKHVHIRUFHVDUHH[HUWHGRQSHGHVWULDQDJHQWVWKHLU
ZDONLQJVSHHGPD\LQFUHDVHRUGHFUHDVHWRDYRLGFROOLVLRQVZLWKRWKHUSHGHVWULDQVZDOOVRU
REVWDFOHV+RZHYHUWKHLUZDONLQJVSHHGKHUHLVOLPLWHGWRPVWRFRQVLGHUKXPDQDYHUDJH
ZDONLQJVSHHGLQQRUPDOFRQGLWLRQ:LUW]	5LHV0RKOHUHWDO

)LJXUH$GLDJUDPRXWOLQLQJWKHFRPPXQLFDWLRQQHWZRUNRUJDQLVLQJWKHLQWHUDFWLRQV
EHWZHHQIORRGDJHQWVDQGWKHWZRW\SHVRISHGHVWULDQDJHQWVHYDFXHHDQGUHVSRQGHUWKH
µEOXH¶UHFWDQJOHUHSUHVHQWVDIORRGDJHQWEURDGFDVWLQJDPHVVDJHµEOXH¶DUURZGDVKHGOLQH
FRQWDLQLQJZDWHUIORZLQIRUPDWLRQWRDQHYDFXHHSHGHVWULDQDJHQWµEURZQ¶UHFWDQJOHZKLFK
UHVSRQGVWRWKLVPHVVDJHDVVKRZQZLWKLQWKHµZKLWH¶GDVKHGUHFWDQJOHRQWKHOHIWDOVRDQ
HYDFXHHSHGHVWULDQDJHQWµEURZQ¶UHFWDQJOHEURDGFDVWVDPHVVDJHFRQWDLQLQJLWVFRRUGLQDWHV
DV[DQG\µEURZQ¶DUURZGDVKHGOLQHWRDIORRGDJHQWZKLFKUHVSRQGVWRWKLVPHVVDJHDV
VKRZQZLWKLQWKHµZKLWH¶GDVKHGUHFWDQJOHRQWKHULJKW


'\QDPLFFRXSOLQJ
7KHK\GURG\QDPLFDQGSHGHVWULDQ$%0VDUHQRZFRXSOHGWRIRUPRQH$%0KHUHDIWHUFDOOHG
IORRGSHGHVWULDQ VLPXODWRU 7KLV VLPXODWRU LV GHVLJQHG WR ORFDOO\ FDSWXUH WKH LQWHUDFWLRQV
EHWZHHQSHGHVWULDQDQGIORRGDJHQWVDVWKHK\GURG\QDPLFDQGWKHSHGHVWULDQ$%0H[FKDQJH
PHVVDJHV7KHLPSOHPHQWDWLRQRIWKHG\QDPLFFRXSOLQJEHWZHHQWKH$%0LVGHVFULEHGLQWKH
IROORZLQJVHHDOVR)LJXUHIRUWZRW\SHVRISHGHVWULDQDJHQWVHYDFXHHDQGUHVSRQGHU

7DEOH7KHVWDWXVDQGZDONLQJVSHHGRISHRSOHLQZDWHUIORZVDFFRUGLQJWRZDWHUGHSWKDQG
YHORFLW\SDLULQJVSDQQLQJWKH($¶VIORRGKD]DUGPDWUL[
)ORRG
FDWHJRULHV
6HYHULW\
+5 6WDWXVRI
SHGHVWULDQ
DJHQWVLQ
IORRGZDWHU
3HGHVWULDQDJHQWV
ZDONLQJVSHHG
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 6DIHIRUDOO   6DIH %ULVNZDONPV
&ODVV 'DQJHUIRUVRPH   'LVUXSWHG %ULVNZDONPV
&ODVV 'DQJHUIRUPRVW   'LVUXSWHG 6ORZZDONPV
&ODVV 'DQJHUIRUDOO   7UDSSHG 1RZDONPV

(YDFXHHDJHQWVUHSUHVHQWLQGLYLGXDOVHYDFXDWLQJDIORRGZKRVHEHKDYLRXULVLQIRUPHG
E\WKHFKDUDFWHULVWLFVRIZDWHUIORZVEURDGFDVWHGORFDOO\E\IORRGDJHQWVWRSHGHVWULDQDJHQWV
LHYLDDPHVVDJHFRQWDLQLQJKYDQGXVHHDQG LQ)LJXUH7KHHYDFXHHDJHQWV
UHVSRQGWRWKHVHPHVVDJHVE\LQFUHDVLQJRUGHFUHDVLQJWKHLUZDONLQJVSHHGGHSHQGLQJRQWKHLU
ORFDOµVWDWXVLQZDWHU¶VHH7DEOH7KHVWDWXVRIHDFKHYDFXHHDJHQWLQZDWHULVSDUDPHWHULVHG
DFFRUGLQJWR($¶VIORRGKD]DUGPDWUL[WKURXJKSDLULQJRIKDQGYHORFLW\PDJQLWXGH9
IRUUDWLQJIORRGKD]DUGDV+D]DUG5DWH+5 9îKZKHUH9 PD[_X__Y_+HUHLQWKH
+5 LV FRQVLGHUHGZKLOH LJQRULQJ WKH HIIHFW RIGHEULV ($$OVR RQFH DSRVLWLYHK LV

EURDGFDVWHGE\DQ\IORRGDJHQWLQWKHGRPDLQHYDFXHHDJHQWVZLOOQRORQJHUEHHQWHULQJWKH
GRPDLQDQGWKRVHDOUHDG\LQWKHGRPDLQZLOOEHOHDYLQJWRDVSHFLILFJRDOGHVWLQDWLRQHJDQ
HPHUJHQF\H[LW
5HVSRQGHU DJHQWV UHSUHVHQW LQGLYLGXDOV WDNLQJ SDUW LQ DQ LQWHUYHQWLRQ SURFHVV WR
FRQVWUXFWDWHPSRUDU\IORRGGHIHQFHEDUULHUKHUHDVVXPHGWREHE\VDQGEDJJLQJ7KHEDUULHULV
UHSUHVHQWHGE\WRSRJUDSK\YDULDEOH]VWRUHGLQWKHPHPRU\RIWKHIORRGDJHQWVDQGLVXSGDWHG
LQUHVSRQVHWRWKHDFWLRQRIWKHUHVSRQGHUDJHQWV,QRUGHUWRXSGDWH]HDFKUHVSRQGHUDJHQWKDV
WRFRPSOHWHDQLWHUDWLYHSURFHVVFRQVLVWVRIIRXUPDLQVXEVHTXHQWVWHSVDVVKRZQLQ)LJXUH
,Q WKH ILUVW VWHS 6WHS  WKH UHVSRQGHU DJHQW LV GLUHFWHG WR D WHPSRUDU\ JRDO GHVWLQDWLRQ
LQIRUPHGE\DQDYLJDWLRQDODJHQWHJORFDWLRQIRUWKHVDQGEDJVWRUDJH2QFHWKHUHVSRQGHU
DJHQWUHDFKHVWKHVWRUDJH6WHSFRQVLVWVRISLFNLQJXSDVDQGEDJIROORZHGE\6WHSDLPHGWR
VXEVHTXHQWO\ UHGLUHFW WKH UHVSRQGHU DJHQW WR D QHZ WHPSRUDU\ JRDO GHVWLQDWLRQ HJ D SUH
VSHFLILHG ORFDWLRQ IRU GHIHQFH EDUULHU ZKHUH WKH\ VKRXOG GURS WKH VDQGEDJ )LQDOO\ DV WKH
UHVSRQGHUDJHQWDUULYHVDWODWWHUGHVWLQDWLRQ6WHSFRQVLVWVRILQIRUPLQJWKHIORRGDJHQWDWLWV
VDPHORFDWLRQ[DQG\WRLQFUHDVHLWV]YDOXH7KHLQFUHPHQWLQ]YDOXHLVUHODWHGWRWKHVSDWLDO
GLPHQVLRQRIDVDQGEDJDQGUHVROXWLRQRIWKHJULGXVHGIRUWKHIORRGDJHQWV7KLVLQFUHPHQWLV
DGGHGLQDKRUL]RQWDORUGHUXQWLOIRUPLQJDORQJLWXGLQDOEDUULHUWKDWLVRQHOD\HUKLJKDQGWKH
SURFHVVUHVWDUWVWRIRUPDVPDQ\OD\HUVLQKHLJKWDVGHVLUHGLHWKLVLVVSHFLILHGE\WKHXVHULQ
WKHLQSXW[POILOH)LJXUH


)LJXUH)RXUPDLQVWHSVRIDSURFHVVFRPSOHWHGE\HDFKUHVSRQGHUSHGHVWULDQDJHQW
WRLQFUHDVH]VWRUHGLQWKHPHPRU\RIDIORRGDJHQWIORRGDJHQWVKHUHDUHUHSUHVHQWHGE\WKH
îµEOXH¶JULGWKHµJUHHQ¶GDVKHGOLQHUHSUHVHQWVWKHGLUHFWLRQWRZDUGVWKHWHPSRUDU\JRDO
GHVWLQDWLRQVWKDWDUHVKRZQDVµUHG¶GRWV
 9HULILFDWLRQRIWKHK\GURG\QDPLF$%0LPSOHPHQWDWLRQRQ)/$0(*38
7ZRDFDGHPLFGDPEUHDNWHVWVDUHVHOHFWHGWRYHULI\WKH)/$0(*38LPSOHPHQWDWLRQRI(T
LQHYROYLQJIORRGDJHQWV7KHILUVWWHVWFRQVLGHUVDFODVVLFDOUDGLDOGDPEUHDNIORZLQYROYLQJ
V\PPHWULF'ZDWHUSURSDJDWLRQRYHUDIODWIULFWLRQOHVVDQGLQLWLDOO\ZHWGRPDLQ7KHVHFRQG
WHVWDOVRFRQVLGHUV'GDPEUHDNIORZSURSDJDWLRQEXWSURSDJDWLQJRYHUDURXJKLQLWLDOO\GU\
DQGFORVHGGRPDLQLQFOXGLQJWKUHHWRSRJUDSKLFKXPSV)/$0(*38VLPXODWLRQVIRUERWKWHVWV
DUHUXQRQDJULGRIîIORRGDJHQWVDQGXVLQJDGDSWLYHWLPHVWHSEDVHGRQD&)/QXPEHU
HTXDOWR6LPXODWLRQUHVXOWVDUHFRPSDUHGWRWKRVHSURGXFHGE\DVHTXHQWLDOIORRGPRGHO
FRXQWHUSDUWLPSOHPHQWHGRQ0$7/$%DQGZLWKUHIHUHQFHSUHGLFWLRQVUHSRUWHGLQWKHOLWHUDWXUH
 
D'GLDJRQDOFURVVVHFWLRQDOSURILOHVRIZDWHUGHSWKDQGGLVFKDUJHDWW V
 
E'GLDJRQDOFURVVVHFWLRQDOSURILOHVRIZDWHUGHSWKDQGGLVFKDUJHDWW V

)LJXUH&RPSDULQJWKHSURILOHVRIZDWHUGHSWKDQGGLVFKDUJHVLPXODWHGYLDWKH
K\GURG\QDPLF$%0UHGOLQHDJDLQVW0$7/$%EOXHFLUFOHPDUNHGOLQHDQGWKHUHIHUHQFH
VROXWLRQVROLGEODFNOLQH7KHSURILOHVRQWKHOHIWUHSUHVHQWZDWHUGHSWKKDQGRQWKHULJKW
DUHWKHSURILOHVRIZDWHUGLVFKDUJHERWKDORQJWKHUDGLDOGLUHFWLRQ

5DGLDOGDPEUHDNIORZ
7KLVWHVW7RURLQYROYHVWKHV\PPHWULFDOSURSDJDWLRQRIDFLUFXODUWVXQDPLOLNHZDYH
RYHU D IODW DQG IULFWLRQOHVV GRPDLQ HQFORVHG E\ ZDOOV 7KLV WHVW LV RIWHQ XVHG WR YHULI\ WKH
LPSOHPHQWDWLRQRIQHZO\GHYHORSHGVKRFNFDSWXULQJQXPHULFDO IORRGPRGHOV WRYHULI\ WKHLU
DELOLW\WRFDSWXUHGLIIHUHQWW\SHVRIVKDOORZIORZWUDQVLWLRQVDQGWRSURGXFHV\PPHWULFDOSURILOHV
:DQJHWDO.HVVHUZDQLHWDO7KHZDYHSURSDJDWLRQKDSSHQVDIWHULQVWDQWDQHRXV
UHPRYDORIDQLPDJLQDU\F\OLQGHUVKDSHGGDPORFDWHGLQWKHFHQWUHRIDPîPVTXDUH
GRPDLQFDXVLQJDFLUFXODUZDYHPRYLQJRXWZDUGVIURPWKHFHQWUH7RUR7KHWKLQP
UDGLXVFLUFXODUZDOORIWKLVGDPUHWDLQVDFROXPQRIZDWHUPGHHS7KHUHVWRIWKHGRPDLQ
RXWVLGHWKHGDPLVFRYHUHGZLWKPRIVWLOOZDWHU$UHIHUHQFHVROXWLRQFDQEHREWDLQHGE\
VROYLQJWKH6:(VDORQJWKHUDGLDOGLUHFWLRQ7RURE\DVHFRQGRUGHUDFFXUDWHVFKHPH
RYHUDILQHPHVKRIîFHOOV:DQJHWDO.HVVHUZDQLHWDO
)LJXUH FRPSDUHV WKHRXWSXWVSURGXFHGE\ WKHK\GURG\QDPLF$%0 WR WKRVHRI WKH
VHTXHQWLDOLPSOHPHQWDWLRQRQ0$7/$%DQGWKHUHIHUHQFHVROXWLRQLQWHUPVRIZDWHUGHSWKK
DQGIORZGLVFKDUJHTFURVVVHFWLRQVDORQJWKHUDGLDOGLUHFWLRQDWWLPHVW VDQGW V
LHDVLQ7RURDQG:DQJHWDO$WW V)LJXUHDDIURQWVKRFNZDYH
SURSDJDWLQJDZD\IURPWKHFHQWUHWRZDUGVWKHERXQGDU\LVH[SHFWHGWREHIRUPHGDQGWKHZDWHU
GHSWKLQWKHFHQWUHGURSVWREHORZWKHLQLWLDOZDWHUGHSWKRXWVLGHWKHGDPZKHUHDVDWW V
)LJXUHEWKHSURSDJDWLQJVKRFNZDYHUHDFKHVFORVHWRWKHERXQGDULHVDKXPSVKDSHGZDWHU
VXUIDFHLVIRUPHGLQWKHFHQWUHRIWKHGRPDLQDIWHUWKHFROOLVLRQRIGHSUHVVLRQZDYHVPRYLQJ
LQZDUGV$VFDQEHVHHQLQ)LJXUHWKHVHSURILOHVRIZDWHUGHSWKDQGGLVFKDUJHDUHVHHQWR

SUHVHUYHWKHH[SHFWHGUDGLDOV\PPHWULFLW\DWERWKRXWSXWWLPHVW VDQGW V$OVRWKH
K\GURG\QDPLF$%0RXWSXWV DUH LGHQWLFDO WR WKRVHSURGXFHGE\ WKH VHTXHQWLDO IORRGPRGHO
ZKLOHERWKEHLQJLQJRRGDJUHHPHQWZLWKWKHUHIHUHQFHVROXWLRQ7KHFOHDUGLVFUHSDQFLHVUHODWLYH
WRWKHUHIHUHQFHVROXWLRQDUHH[SHFWHGJLYHQWKDWLWZDVFRPSXWHGRQDPHVKUHVROXWLRQWKDWLV
DSSUR[WLPHVILQHUDQGXVLQJDKLJKHURUGHUQXPHULFDOVROYHU1RQHWKHOHVVWKLVVROXWLRQLV
UHSURGXFHGE\WKHK\GURG\QDPLF$%0DWWKHVDPHSUHGLFWLYHTXDOLW\DVWKHVHTXHQWLDOPRGHO
FRXQWHUSDUWLQGLFDWLQJDVRXQGIXQFWLRQLQJRIWKHK\GURG\QDPLF$%0RQ)/$0(*38

'DPEUHDNIORZRYHUURXJKWHUUDLQZLWKIORRGLQJDQGGU\LQJ
7KHK\GURG\QDPLF$%0LVIXUWKHUDSSOLHGWRUHSURGXFHGDPEUHDNIORZVRYHUDURXJKWHUUDLQ
ZLWKZHWWLQJDQGGU\LQJLQRUGHUWRYHULI\WKHUREXVWQHVVRILWVLPSOHPHQWDWLRQIRUKDQGOLQJ
UHDOLVWLFDVSHFWVRIIORRGLQJ7KLVWHVWDVVXPHDGDPEUHDNZDYHSURSDJDWLQJRYHUDPî
PFORVHGGRPDLQLHE\IRXULPDJLQDU\ZDOOVZLWKDQLQLWLDOO\GU\IORRGSODLQLQFOXGLQJWKUHH
KXPSVVHH)LJXUH7KHLPDJLQDU\GDPLVKHUHORFDWHGDORQJ[ PORFNLQJDQLQLWLDOERG\
RIZDWHUZLWKDKHLJKWRIP7KHURXJKQHVVRI WKHGRPDLQLVUHSUHVHQWHGE\0DQQLQJ
FRHIILFLHQWQ0 VP
)LJXUHOHIWVKRZVWKHVLPXODWHGZDWHUVXUIDFHHOHYDWLRQSURGXFHGDWWKHVDPHRXWSXW
WLPHVDVWKHUHVXOWVLQ+XDQJHWDOZKLFKDUHVKRZQLQ)LJXUHULJKW$WW VWKH
IURQWZDYHSDVVHVRYHUWKHVPDOOKXPSVDQGLWFROOLGHVZLWKWKHODUJHKXPSWKDWFDXVHVZDWHU
DFFXPXODWLRQDQGDUDLVHLQZDWHUOHYHO$WW VWKHZDWHUSDVVHVHLWKHUVLGHRIWKHODUJH
KXPSDQGLWUHDFKHVWKHGU\DUHDVGRZQVWUHDPZKLOHPRUHDFFXPXODWLRQRIZDWHUFDQEHVHHQ
EHKLQGWKHODUJHKXPS$WW VWKHPRYLQJZDWHUFRYHUVWKHHQWLUHGRPDLQDQGWKHSHDNVRI
WKHVPDOOKXPSVDUHVHHQWREHGULHGDJDLQ$W W V WKHZDWHUYROXPHEHFRPHVVWRUHG
PRWLRQOHVVO\DIWHUWKHIORZLVGDPSHGE\IULFWLRQHIIHFWVLQWKHGRPDLQ$VLOOXVWUDWHGLQ)LJXUH
WKHRXWSXWVGHOLYHUHGE\WKHK\GURG\QDPLF$%0DUHYHU\VLPLODUWRWKRVHRI+XDQJHWDO
VKRZLQJWKHPRGHODELOLW\WRFDSWXUHZDYHUHIOHFWLRQVZHWWLQJDQGGU\LQJSURFHVVHV

DQGFRQVHUYHPDVVDVWKHGDPEUHDNIORRGVHWWOHVKLQGHUHGE\IULFWLRQHIIHFWV7KLVLQGLFDWHV
WKDWWKHK\GURG\QDPLF$%0LVVXLWDEOHIRUDSSOLFDWLRQVLQYROYLQJUHDOLVWLFIORRGVFHQDULRV
+\GURG\QDPLF$%0 +XDQJHWDO


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+\GURG\QDPLF$%0 +XDQJHWDO
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
)LJXUH&RPSDULVRQEHWZHHQWKHVLPXODWHGUHVXOWVWKURXJKK\GURG\QDPLF$%0DQGWKRVH
UHSRUWHGLQOLWHUDWXUH
 9HULILFDWLRQRIWKHVLPXODWRU¶VG\QDPLFFRXSOLQJ
,Q WKLV VHFWLRQDQDGKRFK\SRWKHWLFDO WHVWFDVHRIDIORRGHGVKRSSLQJFHQWUH LVSURSRVHG WR
HYDOXDWHWKHFDSDELOLW\RIWKHIORRGSHGHVWULDQVLPXODWRULQPRGHOOLQJWKHLQWHUDFWLRQVEHWZHHQ
SHRSOH
VDFWLRQVDQG IORRGZDWHU IORZV7KLV WHVWDVVXPHVDVKRSSLQJFHQWUHHQFRPSDVVLQJ D
FURZGRIZDONLQJSHGHVWULDQVH[SRVHGWRIORRGLQJDQGGLVWLQJXLVKHVWZRVFHQDULRV7KHILUVW
WHUPHGKHUHDIWHUµ6FHQDULR¶DVVXPHVWKDWWKHUHLVQRHDUO\ZDUQLQJDQGHYDFXDWLRQSODQDQG
IRFXVHVRQDQDO\VLQJWKHG\QDPLFFKDQJHVLQSHRSOHVWDWXVEHKDYLRXUDQGSRVLWLRQLQOLQHZLWK
WKHFKDQJHRIIORRGZDWHUIORZSURSDJDWLRQ7KHVHFRQGVFHQDULRWHUPHGKHUHDIWHUµ6FHQDULR¶
IRFXVHVRQDQDO\VLQJVWUDWHJLHVRISHRSOHUHVSRQVHVWRUHGXFHWKHIORRGULVNXSVWUHDPRIWKH
HPHUJHQF\H[LWKHQFHDVVXPLQJDQLQWHUYHQWLRQWRGHSOR\DWHPSRUDU\IORRGEDUULHUIROORZHG
DQHDUO\HYDFXDWLRQIRUWKHSHGHVWULDQV

 D6FHQDULR    E6FHQDULR
)LJXUH$QLOOXVWUDWLRQRIWKHVKRSSLQJFHQWUHWKHRSHQDUHDLVUHSUHVHQWHGE\DEOXHJULG
ZLWKVHWVRIVWRUHVORFDWHGRQZHVWDQGHDVWVKRZQE\EURZQFRORXUWKHDPEHUOLQHVUHSUHVHQW
WKHHQWUDQFHGRRUVWKHHPHUJHQF\H[LWLVWKHHQWUDQFHGRRUORFDWHGDWWKHQRUWKZHVWFRUQHU
WKHJUHHQSHGHVWULDQVV\PEROLVHHYDFXDWLQJSHRSOHWKHEODFNSHGHVWULDQVDUHWKHHPHUJHQF\

UHVSRQGHUVLQEZKRSLFNXSVDQGEDJVIURPWKHVDQGEDJVWRUDJHUHSUHVHQWHGE\DQDPEHU
UHFWDQJOHRQWKHZHVWVLGHDQGWKHRUDQJHGDVKHGUHFWDQJOHOLQNLQJZHVWVLGHVWRUHVWRWKH
HDVWVLGHVWRUHVUHSUHVHQWVWKHSURSRVHGVDQGEDJEDUULHU

7KHDUHDRIWKHVKRSSLQJFHQWUHLVPîPVHH)LJXUHFKRVHQFRQVLGHULQJ
WKHDYHUDJHDUHDVL]HRI8.¶VODUJHVWVKRSSLQJFHQWUHV*OREDOGDWD&RQVXOWLQJ7XJED
6HQ1DJ*LEVRQHWDO$VHWRIVWRUHVDUHORFDWHGDWWKHHDVWDQGZHVWVLGH
RIWKHVKRSSLQJFHQWUHZKLFKDUHVHSDUDWHGE\FRUULGRUVOLQNLQJWKHHQWUDQFHGRRUVWRDQRSHQ
DUHD 7KURXJK WKHVH FRUULGRUV SHGHVWULDQV FDQ HQWHU WKH RSHQ DUHD DQG ZDON WRZDUG WKHLU
GHVWLQDWLRQV 7KH RSHQ DUHD LV DVVXPHG WR EH RFFXSLHG E\  SHGHVWULDQV 7KHUH DUH 
K\SRWKHWLFDO HQWUDQFH GRRUV DOORZLQJ SHRSOH WR HQWHU DQGRU OHDYH WKH DUHD ZLWK DQ HTXDO
SUREDELOLW\RI7KHIORRGSURSDJDWLRQRFFXUVIURPWKHVRXWKHUQVLGH)LJXUHDVVXPLQJD
ULYHULQXQGDWLRQHJDVKDSSHQHGLQ6KHIILHOGIORRGVZKHQ0HDGRZKDOOVKRSSLQJFHQWUH
ZDVIORRGHGIURP5LYHU'RQ$VWKHIORRGLQJVWDUWVLQ6FHQDULRSHGHVWULDQVHYDFXDWHWRDQ
µHPHUJHQF\H[LW¶ORFDWHGDWWKHQRUWKHUQVLGHRIWKHVKRSSLQJFHQWUH)LJXUHDLQUHVSRQVHWR
DQHPHUJHQF\DQQRXQFHPHQW7KHHPHUJHQF\H[LW¶LVDFFHVVLEOHYLDRQHRIWKHH[LWVDQGUHPDLQV
RSHQGXULQJHYDFXDWLRQ
,Q 6FHQDULR  D SHUFHQWDJH RI WKH FURZG DFWV DV µHPHUJHQF\ UHVSRQGHUV¶ WDVNHG WR
GHSOR\DORFDOIORRGEDUULHULQUHVSRQVHWRDQDGYDQFHGIORRGZDUQLQJRIKRXUV7KHEDUULHU
LVPORQJDQGPZLGH)LJXUHEDQGFDQEHEXLOWE\SODFLQJKRUL]RQWDOOD\HUVRI
VDQGEDJVDVH[SODLQHGLQ6HF(DFKVDQGEDJVL]HLVRQDYHUDJHFPORQJFPZLGH
DQG  FP KLJK IROORZLQJ VWDQGDUG UHFRPPHQGDWLRQV :LOOLDPVRQ  +HOOHYDQJ 
3DGJKDPHWDO7KLVPHDQVWKDWDWDPRGHOOLQJUHVROXWLRQRIPVDQGEDJVDUH
UHTXLUHGWRFRQVWUXFWDEDUULHUWKDWLVRQHOD\HUKLJKZKLFKLVDVHQVLEOHQXPEHUDFFRUGLQJWR
RQOLQH WRROV HJ 6DQGEDJ :DOO &DOF  DQG WKH ($ UHFRPPHQGDWLRQV IRU HVWLPDWLQJ
VDQGEDJQXPEHUV($1RWHWKDWWKLVZDVWKHPD[LPXPUHVROXWLRQDIIRUGDEOHFRQVLGHULQJ

WKDWPHPRU\VWRUDJHQHHGVWREHWULSOHGWRVLPXOWDQHRXVO\UHSUHVHQWQDYLJDWLRQSHGHVWULDQDQG
IORRGDJHQWV7KHVDQGEDJV DUHDVVXPHG WREH VWRUHG LQD WUXFN WKDW LVSDUNHGDWRQHRI WKH
HQWUDQFHVVHH)LJXUHE(DFKHPHUJHQF\UHVSRQGHULVVHWWRZDLWVDWWKHORFDWLRQRIWKH
VWRUDJHWRSLFNXSDVDQGEDJDQGWRXQGHUJRDQRWKHUZDLWRIVWRVDIHO\GURSLWDWWKHIORRG
EDUULHUDUHD7KLVLVLQDGGLWLRQWRWKHWLPHUHTXLUHGWRZDONWKHPGLVWDQFHEHWZHHQWKH
VWRUDJHORFDWLRQDQGWKHEDUULHUORFDWLRQ
)LJXUH,QIORZK\GURJUDSKVSURGXFHGEDVHGRQLQIORZGLVFKDUJH4FKDQJLQJRYHUWLPHW
IRU&DVHJUHHQWKHGXUDWLRQRILQIORZWDNHVKRXUDQGWKHGLVFKDUJHUHDFKHVLWVSHDNRI
PVDIWHUPLQXWHVIRU&DVHEOXHWKHGXUDWLRQLVQRZKDOYHGWRPLQXWHVDQG
WKHUHIRUHWKHLQIORZGLVFKDUJHUHDFKHVLWVSHDNRIPVDIWHUPLQXWHVIRU&DVH
DPEHUWKHGXUDWLRQLVDJDLQKDOYHGWRPLQXWHVFDXVLQJGRXEOHGSHDNGLVFKDUJHRIPV
KDSSHQLQJDIWHUIRU&DVHWKHGXUDWLRQRILQIORZLVIXUWKHUKDOYHGDQGUHGXFHGWR
PLQXWHVWKDWFDXVHVWKHKLJKHVWSHDNGLVFKDUJHRIPVDIWHUPLQXWHV

)ORRGLQJFDVHVZLWKDVVRFLDWHG+5DQDO\VLV
)ORRGVDUHJHQHUDWHGE\LQIORZK\GURJUDSKVEDVHGRQDSHDNGLVFKDUJH4SHDNDQGDQLQXQGDWLRQ
GXUDWLRQWLQIORZ$VFDQEHVHHQLQ)LJXUHWKHIORRGLQJFDVHVDUHDVVXPHGWRUHOHDVHWKHVDPH
YROXPHRIZDWHU9LQXQGDWLRQLQWRWKHVKRSSLQJFHQWHUEDVHGRQYDU\LQJ4SHDNDQGWLQIORZ7RHQVXUH
WKDWWKHIORRGVJHQHUDWHGE\WKHVHK\GURJUDSKVDUHFORVHWRUHDOLW\4SHDNIRURQHKRXURIIORRGLQJ

LVFDOFXODWHGE\WKHLQLWLDOGHSWKKLQIORZDQGYHORFLW\YLQIORZIRU1RUZLFKFDVHVWXG\RIULYHU
LQXQGDWLRQ($ZKHUHKLQIORZ PDQGYLQIORZ PV7KLVIRUPV&DVHRIIORRGLQJ
LQIORZZLWK4SHDN YLQIORZKLQIORZ%&KRZ:KLWHZKHUH%LVWKHOHQJWKRILQIORZ
DVVXPHGWREHPORQJ&DVHVDQGDUHVHWWRUHSUHVHQWPRUHVHYHUHIORRGLQJWKDQ&DVH
ZLWK WKHLU4SHDNGHULYHGE\VXFFHVVLYHKDOYLQJRI WLQIORZRQ WKHEDVLV WKDW9LQXQGDWLRQUHPDLQV
FRQVWDQWLHOHDGLQJWRWKHIORRGVSUHDGLQJRYHUDVKRUWHUGXUDWLRQ)LJXUH

)LJXUH&KDQJHVLQPD[LPXP+5GXULQJWKHPLQXWHIORRGSHULRGRYHUWKH
VKRSSLQJFHQWUHUHODWLYHWR&DVH&DVH&DVHDQG&DVHIORRGVLQGXFHGE\WKH
K\GURJUDSKVLQ)LJXUH0D[LPXP+5IRU&DVHVDQGUHPDLQVEHORZ)RU&DVHWKH
PD[LPXP+5IOXFWXDWHVFRQVLGHUDEO\ZLWKLQWKHILUVWPLQXWHVUHDFKLQJDURXQGDIWHU
PLQXWHVEXWUHPDLQVSUHGRPLQDQWO\EHORZ)RU&DVHWKHPD[LPXP+5LVQRWDEO\DERYH
LQWKHILUVWPLQXWHVZLWKDSHDNUHDFKLQJWRDOPRVWDIWHURQO\PLQXWHV

 7RDQDO\VH+5IRUWKHIRXUVHOHFWHGIORRGLQJFDVHVWKHK\GURG\QDPLF$%0LVDSSOLHG
ZLWK WKH LQIORZ K\GURJUDSKV RI )LJXUH  UHVSHFWLYHO\ LQWURGXFHG IURP WKH EUHDFK DW WKH
VRXWKHUQ ERXQGDU\ 1RUWKHUQ ERXQGDU\ LV FRQVLGHUHG RSHQ ZKHUHDV HDVWHUQ DQG ZHVWHUQ
ERXQGDULHVDUHZDOOV7KHEHGURXJKQHVVLVGHILQHGE\0DQQLQJFRHIILFLHQWQ0 VP
UHSUHVHQWLQJDFOHDUFHPHQW&KRZ7KHVLPXODWLRQLVGRQHIRUîIORRGDJHQWV
UHVROXWLRQHTXLYDOHQWRIP)LJXUHVKRZVWKHWLPHKLVWRU\RIWKHPD[LPXP+5IRU&DVHV

 ZLWKLQ RQH KRXU RI IORRGLQJ FOHDUO\ LQGLFDWLQJ WKDW &DVH  LV WKH ZRUVWFDVH IORRGLQJ
VFHQDULR+HQFHLWLVVHOHFWHGIRUIXUWKHUDQDO\VLVODWHUEDVHGXSRQ6FHQDULRVDQGGHILQHG
SUHYLRXVO\

'\QDPLFVLPXODWLRQRIIORRGLQJDQGSHRSOHLQWHUDFWLRQIRU&DVH
7KHIORRGSHGHVWULDQVLPXODWRULVFRQILJXUHGZLWKîIORRGDJHQWVDJULGRIî
QDYLJDWLRQDJHQWVDQGDSRSXODWLRQRIPRYLQJSHGHVWULDQDJHQWV*LYHQWKHPHPRU\QHHGVIRU
G\QDPLF PHVVDJH EURDGFDVWLQJ DQG VWRUDJH RI DJHQWV DFURVV WKH WKUHH JULGV  P ZDV WKH
PD[LPXPDIIRUGDEOHRQD*%1YLGLD4XDGUR.$VWKHWLPHVWHSRIWKHK\GURG\QDPLF
$%0ZDVVPDOOHUWKDQWKHVWLPHVWHSRISHGHVWULDQVLPXODWRULWJRYHUQHGWKHVLPXODWLRQ
ZKHQWKHGRPDLQLVZHW

)LJXUH$VWDFNHGDUHDFKDUWVKRZLQJWKHSHUFHQWDJHGLVWULEXWLRQRIWKHSHRSOHV¶VWDWXVVHH
7DEOHLQ6HFWLRQZKRDUHVWLOOLQVLGHWKHVKRSSLQJFHQWUHGXULQJDPLQXWHHYDFXDWLQJ
WLPHµJUHHQ¶DUHDUHSUHVHQWVWKRVHH[SRVHGWRYHU\ORZRUQRIORRGZDWHU6WDWXVµEOXH¶
UHSUHVHQWVWKRVHVOLJKWO\GLVUXSWHGSHRSOHE\PRGHUDWHIORRGZDWHUV6WDWXVµRUDQJH¶
UHSUHVHQWVWKRVHFRQVLGHUDEO\GLVUXSWHGE\VHYHUHIORRGZDWHU6WDWXVµUHG¶UHSUHVHQWV
WKRVHWUDSSHGSHRSOHLQH[WUHPHO\VHYHUHIORRGZDWHU6WDWXV

DW PLQ EW PLQ
FW PLQ GW PLQ
 
HW PLQ IW PLQ
)LJXUH'\QDPLFFKDQJHVLQWKHVWDWXVRISHRSOHDORQJZLWKWKHLUORFDWLRQDQGH[SRVHG
IORRGZDWHU+5µJUHHQ¶VKRZVLQGLYLGXDOVLQGU\DUHDVµEOXH¶UHSUHVHQWVSHRSOHVOLJKWO\
GLVUXSWHGE\IORRGZDWHUµRUDQJH¶DUHSHRSOHVHYHUHO\GLVUXSWHGE\ZDWHUIORZVDQGµUHG¶
DUHSHRSOHWUDSSHGLQIDVWDQGGHHSZDWHUIORZ

&KDQJHVLQWKHVWDWXVRISHRSOHGXULQJWKHIORRG
)URPWKHIORRGSHGHVWULDQVLPXODWRUWLPHKLVWRU\RIWKHVWDWLVWLFVRISHRSOHVWDWXVLQIORRGZDWHU
FDQ EH REWDLQHG DV WKH IORRG HYROYHV VHH )LJXUH  )LJXUH  VKRZV WKH SHUFHQWDJH
GLVWULEXWLRQRISHRSOH¶VVWDWXVVHH7DEOHLQ6HFWLRQRYHUWKHILUVWPLQXWHVRIIORRGLQJ
SURGXFHGE\&DVH%HIRUHPLQXWHVWKHPDMRULW\RISHRSOHDUHZDONLQJHLWKHULQGU\]RQHV
6WDWXVRULQYHU\ORZIORRGZDWHU6WDWXVZKHUHDVUHODWLYHO\VPDOOHUSHUFHQWDJHRISHRSOH
DUHVHHQWREHGLVUXSWHG6WDWXV%HWZHHQWRPLQXWHVWKHSHUFHQWDJHRIWKRVHGLVUXSWHG
E\IORRGZDWHUULVHVVLJQLILFDQWO\DQGDODUJHQXPEHURISHRSOHDUHLGHQWLILHGWREHQRZWUDSSHG
LQZDWHUIORZV6WDWXV7KLVLPSOLHVWKDWVHYHUHZDWHUIORZVUHDFKWRWKHFURZGRIHYDFXHHV
GXULQJWKLVSHULRG+RZHYHUDIWHUPLQXWHVDOWKRXJKHYHU\RQHLVVWLOOIRXQGWREHGLVUXSWHG
E\ZDWHUIORZVWKH\DUHDEOHWRFRQWLQXHHYDFXDWLQJWKHDUHD
)LJXUHDOVRVKRZVWKHVSDWLDOGLVWULEXWLRQRISHRSOH¶VVWDWXVLQWKHIORRGHGVKRSSLQJ
FHQWUHDWVL[RXWSXWWLPHVZLWKDVWHSRIPLQXWHVDORQJVLGH'FRQWRXUSORWVRI+57DEOH
$WWKHVWDUWRI&DVHIORRGLQJ)LJXUHDDVWKHUHLVQRHDUO\HYDFXDWLRQSODQSHRSOHDUH
VHHQWREHVFDWWHUHGUDQGRPO\LQWKHRSHQDUHDDQGWKHFRUULGRUV$IWHUPLQXWHVRIWKHIORRGLQJ
)LJXUHEIORRGZDWHUFRYHUVPRUHWKDQKDOIRIWKHGRPDLQDQGVWDUWVWRGLVUXSWIHZSHRSOH
ZKLOHHYDFXDWLQJWRWKHHPHUJHQF\H[LW$IWHUPLQXWHV)LJXUHFVHYHUZDWHUIORZVDUH
VHHQWRFRYHUWKHHQWLUHGRPDLQDQGFDXVHGLVUXSWLRQIRUHYHU\RQHDQGPDGHPDQ\WUDSSHGLQ
IORRGZDWHUDURXQG WKHFHQWUHRI WKHRSHQDUHD$IWHUPLQXWHV )LJXUHG WKH+5GURSV
GRZQ LQGLFDWLQJ VORZHU DQG VKDOORZHU IORRG IORZV WKDW DOORZ WKH WUDSSHGSHRSOH WREHFRPH
GLVUXSWHGDJDLQ$IWHUPLQXWHVWKH+5LVVHHQWRJUDGXDOO\GHFUHDVH)LJXUHHDQG)LJXUH
IVKRZLQJWKDWWKHIORRGLQJLVQRORQJHUGLVUXSWLYHWRSHRSOHDQGWKDWHYHU\RQHLVXOWLPDWHO\
JRLQJWRFRQWLQXHWKHHYDFXDWLRQSURFHVV

&RPSDULVRQDJDLQVW($¶VULVNWROLIHPHWKRG
$IWHUWKHVLPXODWLRQWKHQXPEHURISHRSOHDWULVNLVH[WUDFWHGWRDOORZIRUDFRPSDULVRQZLWK
($¶V ULVNWROLIH DSSURDFK ($  7KLV DSSURDFK HVWLPDWHV WKH SHUFHQWDJH RI WRWDO
SRSXODWLRQDWULVNRIGHDWKRULQMXU\;GXULQJDQGLQWKHLPPHGLDWHDIWHUPDWKRIDIORRGLQJ
HYHQW;LVWKHSURGXFWRI+5DQG$9ZKHUH$9LVDIDFWRUQDPHG$UHD9XOQHUDELOLW\7KLV
DSSURDFK LV XVXDOO\ DSSOLHG IRU ODUJH UHJLRQV LQIRUPHG E\ SDVVLYH K\GURG\QDPLF PRGHO
RXWSXWVRIIORRGZDWHUGHSWKDQGYHORFLW\WRHVWLPDWHDQDYHUDJH+5RYHUFHUWDLQIORRGKD]DUG
]RQHVEDVHGRQWKHWKUHVKROGVLQ7DEOH$VWKHVKRSSLQJFHQWUHFDQEHZKROO\FRQVLGHUHGD
FRDUVHIORRGKD]DUG]RQHDPD[LPXP+5RI6HFLVFRQVLGHUHGDVVXPLQJWKHZRUVW
FDVHVFHQDULR7KLVOHDGVWR; FRQVLGHULQJDQ$9 WKDWLVLQGLFDWLYHRIDPHGLXP
ULVNDUHDEDVHGRQWKHVFRULQJGHVFULEHGLQ7DEOH($

7DEOH3DUDPHWHUVXVHGLQHVWLPDWLQJ$9IRUWKHVKRSSLQJFHQWUH
3DUDPHWHU &RQGLWLRQIRUVKRSSLQJFHQWUH 6FRUH
6SHHGRIRQVHW 5DSLGOHVVWKDQKRXU 
1DWXUHRIWKHDUHD &RPPHUFLDODQGLQGXVWULDO 
)ORRGZDUQLQJ *RRGFRYHUVWKHHQWLUHDUHD 
7RWDOHVWLPDWHG$9 

)URPWKHSHGHVWULDQ$%0WKHWRWDOQXPEHURIGLVUXSWHGSHRSOHDQGWKRVHWUDSSHGLQ
IORRGZDWHUGXULQJ&DVH6HFLVIRXQGWREHRIWKHSHGHVWULDQSRSXODWLRQ7KLV
SUHGLFWLRQGHILQHVWKHQXPEHURISHRSOHDWULVNDQGLVYHU\FORVHWRWKHHVWLPDWLRQPDGHE\($¶V
ULVNWROLIHPHWKRGLH)RUUREXVWQHVVVLPXODWLRQZDVDOVRUHSHDWHGZLWKV\VWHPDWLF
LQFUHDVHRISHGHVWULDQSRSXODWLRQVL]HXSWRDQGWKHGLVFUHSDQF\EHWZHHQWKHVLPXODWRU¶V
DQG($¶VULVNWROLIHPHWKRG¶VUHVXOWVGLGQRWH[FHHG7DEOH+HQFHWKHSUHVHQWIORRG

SHGHVWULDQVLPXODWRUVHHPVDEOHWRSURYLGHVSDWLRWHPSRUDOVWDWLVWLFVRIIORRGHGSHRSOHZKRVH
VWDWXVDQGEHKDYLRXUFKDQJHVG\QDPLFDOO\DVORFDOIORRGZDWHUFKDUDFWHULVWLFVFKDQJH

7DEOH7KHSHUFHQWDJHRIGLIIHUHQFHEHWZHHQWKHVLPXODWHGQXPEHURISHRSOHDWµULVN¶DQG
($¶VULVNWROLIHPHWKRG
3RSXODWLRQVL]H 'LVFUHSDQF\ZLWK($
 
 
 
 
 


)LJXUH7KHWLPHWDNHQWRGHSOR\DORFDOIORRGEDUULHUZLWKGLIIHUHQWKHLJKWVLQ
WHUPVRIVDQGEDJOD\HUV7KHUHGOLQHLQGLFDWHVWKHVWDUWLQJWLPHRIWKHIORRG&DVH7KH
FRORXUHGEDUVLQGLFDWHWKHWLPHUHTXLUHGWREXLOGDIORRGEDUULHUZLWKLQFUHDVLQJGLIIHUHQW
KHLJKWDQGFRQVLGHULQJGLIIHUHQWJURXSVL]HRIHPHUJHQF\UHVSRQGHUVUDQJLQJEHWZHHQ
RIWKHSHGHVWULDQSRSXODWLRQ

7LPHDQGHPHUJHQF\UHVSRQGHUVUHTXLUHGWREXLOGDIORRGEDUULHU6FHQDULR
7KHIORRGSHGHVWULDQVLPXODWRULVQRZDSSOLHGWR6FHQDULRWRDVVHVVLQWHUYHQWLRQVWUDWHJLHV
E\HPHUJHQF\UHVSRQGHUVLQWHUPVRIDQDO\VLQJRSWLRQVIRUVDIHGHSOR\PHQWRIDORFDOIORRG
EDUULHUEHIRUH&DVHIORRGRFFXUV)URPDSRSXODWLRQRISHGHVWULDQVGLIIHUHQWVL]HRI
JURXSRIHPHUJHQF\UHVSRQGHUVLVH[SORUHGFRQVLGHULQJRU6LPXODWLRQV
DUHUXQZLWKDYLHZWRILQGDQRSWLPDOJURXSVL]HIRUDVDIHDQGHIIHFWLYHHPHUJHQF\LQWHUYHQWLRQ
ZLWKLQDKRXUZLQGRZRIDGYDQFHGZDUQLQJEHIRUHWKHIORRGRFFXUV)LJXUH

)LJXUH&HQWUDOLVHGIORRGZDWHUGHSWKVDORQJ\D[LVGLUHFWLRQDIWHUWKHGHSOR\PHQWRIWKH
ORFDOIORRGEDUULHUUHGGDVKHGOLQHZLWKGLIIHUHQWKHLJKWVLQWHUPVRIKRUL]RQWDOVDQGEDJ
OD\HUVUDQJLQJIURPRQHWRVL[OD\HUV

)LUVWO\ WKH IORRGSHGHVWULDQ VLPXODWRU LV DSSOLHG WR SUHGLFW WKH WLPH UHTXLUHG E\ WKH
GLIIHUHQWHPHUJHQF\UHVSRQGHUJURXSVWRSRWHQWLDOO\FRQVWUXFWDORFDOIORRGEDUULHUPDGHE\DV
KLJKDVVL[KRUL]RQWDOOD\HUVRIVDQGEDJV)LJXUHVKRZVWKHUHVSHFWLYHVLPXODWHGWLPHWDNHQ
ZKHUHWKHUHGKRUL]RQWDOOLQHLQGLFDWHVWKHVWDUWLQJWLPHRIWKHIORRG&DVH7KHDUHDEHORZ
WKHUHGOLQHLVVKDGHGLQJUHHQLQGLFDWLQJWKHWLPHIUDPHLHKRXUSHULRGGXULQJZKLFKWKH
HPHUJHQF\UHVSRQGHUVFDQVDIHO\WDNHDFWLRQ&OHDUO\WKHVLPXODWRUVHQVLEO\SUHGLFWVWKDWWKH
ELJJHU WKHJURXSVL]HKLJKHUEDUULHUFDQEHFRQVWUXFWHGZLWKRIHPHUJHQF\UHVSRQGHUV
RQO\DRQHOD\HUKLJKEDUULHU LV VDIHW\GHSOR\DEOHZKHUHDV LQYROYLQJRIHPHUJHQF\

UHVSRQGHUVPDNHLWSRVVLEOHWRGHSOR\DEDUULHUWKDWLVDWOHDVWWKUHHOD\HUKLJK7KHVLPXODWRU
DOVRVKRZV)LJXUHWKDWEXLOGLQJVDIHO\WKHKLJKHVWEDUULHUSRVVLEOHLHVL[OD\HUUHTXLUHV
LQYROYLQJDWOHDVWRIHPHUJHQF\UHVSRQGHUV+HQFH)LJXUHVXJJHVWWKDWVDIHEXLOGLQJ
RIDORFDOIORRGEDUULHULVSRVVLEOHWKDWLVDWOHDVWRQHOD\HUKLJKZLWKLQWKHVDIHW\WLPHZLQGRZ
DQGWKDWKDYLQJPRUHOD\HUUHTXLUHVLQYROYLQJPRUHWKDQRIHPHUJHQF\UHVSRQGHUV
6HFRQGO\ WR VWXG\ KRZ PXFK KHLJKW LV QHHGHG IRU WKH ORFDO EDUULHU RXWSXWV RI WKH
K\GURG\QDPLF$%0DUHIXUWKHUDQDO\VHGLQWHUPVRI'ORQJLWXGLQDOZDWHUGHSWKFHQWUHOLQHV
)LJXUH:KLOHWKHSORWVLQ)LJXUHLQGLFDWHORZHUZDWHUOHYHOVGRZQVWUHDPRIWKHEDUULHU
ZLWKLQFUHDVLQJKHLJKWDVH[SHFWHGWKH\SDUWLFXODUO\LQIRUPWKDWDPLQLPXPRIWKUHHOD\HUKLJK
LVQHHGHGWRHQVXUHORZHULQJWKHZDWHUGHSWKWRDOHYHOZKHUHSHGHVWULDQVFDQVWLOOZDONLH
P DQG ORZHU VHH 7DEOH  LQ 6HFWLRQ  +HQFH ORRNLQJ DW ERWK VWDWHV RI IORRGLQJ DQG
SHGHVWULDQDJHQWV LW DW OHDVW WKUHHOD\HUKLJKEDUULHUQHHGV WREHGHSOR\HG WRHQVXUHHQRXJK
VDIHW\
)LJXUH&XPXODWLYHSHUFHQWDJHRIPD[LPXP+5UHGXFWLRQZLWKLQFUHDVHGKHLJKWRI
WKHORFDOIORRGEDUULHULQWHUPVRIQXPEHURIVDQGEDJOD\HUV7KDWLVDRQHOD\HUKLJKEDUULHU
UHGXFHVWKHPD[LPXP+5E\WKHWZROD\HUKLJKEDUULHUSURYLGHVIXUWKHUUHGXFWLRQRI
LQPD[LPXP+5DQGWKHWKUHHOD\HUKLJKEDUULHUIXUWKHUUHGXFHVWKHPD[LPXP+5E\
KLJKHUEDUULHULHRIIRXUOD\HUDQGPRUHSURYLGHVQRVLJQLILFDQWIXUWKHUUHGXFWLRQLQ
PD[LPXP+5


)LQDOO\WRIXUWKHUVWXG\IORRGYHORFLW\LPSDFWRQWKHFKRLFHRIWKHUHVSRQGHUJURXSVL]H
DQGRQWKHKHLJKWUHTXLUHGIRUWKHIORRGEDUULHUDQDO\VLVRIWKHUHODWLYHFKDQJHLQPD[LPXP+5
LVSHUIRUPHG)LJXUHVKRZVWKHUHODWLYHGHFUHDVHLQ+5DVWKHQXPEHURIKRUL]RQWDOVDQGEDJ
OD\HUVLQFUHDVHV&OHDUO\WKHPRVWQRWDEOHGURSLQPD[LPXP+5LHRILVQRWHGDIWHU
EXLOGLQJDRQHOD\HUKLJKEDUULHU)XUWKHUUHGXFWLRQRILVVHHQZKHQUHDFKLQJDWZROD\HU
KLJKEDUULHUIROORZHGE\DQH[WUDUHGXFWLRQRIZLWKWKHWKUHHOD\HUKLJKEDUULHU+RZHYHU
WKLVUHGXFWLRQLVREVHUYHGWRVWDJQDWHDURXQGLIKLJKHUEDUULHUVLVEXLOWZKLFKVHHPVWR
VXJJHVWWKDWGHSOR\LQJEDUULHUWKDWLVPRUHWKDQIRXUOD\HUKLJKPD\QRWEHDQHIIHFWLYHFKRLFH
IRUWKLVFDVH2YHUDOOVXSSRUWHGE\WKHDQDO\VLVLQ)LJXUHWKHFRXSOHGIORRGSHGHVWULDQ
$%0VXJJHVWLQYROYLQJDWOHDVWRISHGHVWULDQSRSXODWLRQDVUHVSRQGHUVWREHDEOHWR
EXLOGDORFDOIORRGEDUULHUWKDWOHDGVWRDQHIIHFWLYHDQGVDIHUHGXFWLRQRIIORRGULVNDURXQGWKH
HPHUJHQF\H[LWIRUWKHVKRSSLQJFHQWUH
 6XPPDU\DQGFRQFOXVLRQV
$Q DJHQWEDVHG VLPXODWRU KDV EHHQ GHYHORSHG RQ )/$0(*38 WKDW G\QDPLFDOO\ FRXSOHV D
K\GURG\QDPLF$%0WRDSHGHVWULDQ$%07KHK\GURG\QDPLF$%0ZDVIRUPHGE\DQRQ
VHTXHQWLDOLPSOHPHQWDWLRQRID)9VKRFNFDSWXULQJQXPHULFDOIRUPXODWLRQWKDWLVFRPPRQO\
XVHG LQ IORRGPRGHOOLQJSDFNDJHV7KLV LPSOHPHQWDWLRQDVVXPHGDJULGRI IORRGDJHQWV WKDW
HYROYHFRQFXUUHQWO\RQFHDWWLPHLQHDFKWLPHLWHUDWLRQ7KHSHGHVWULDQ$%0ZDVUHSUHVHQWHG
E\DVRFLDOIRUFHPRGHOJRYHUQLQJDIORZRILQGLYLGXDOSHGHVWULDQV7KHK\GURG\QDPLF$%0DQG
WKH SHGHVWULDQ $%0 ZHUH FRXSOHG DFFRUGLQJ WR ULVNWROLIH WKUHVKROGV UHSRUWHG E\ WKH ($ $IWHU
YDOLGDWLQJ WKH K\GURG\QDPLF $%0 RQ )/$0(*38 EDVHG RQ WZR DFDGHPLF WHVW FDVHV WKH
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